Abstract. An interplanetary magnetic cloud (IMC) is an important solar-terrestrial connection event. It is an ideal object for the study of solar-terrestrial relations and space weather because the Earth's space environment can be affected considerably during an IMC passage. An IMC was observed to pass the Earth during October 18-20, 1995. Wind recorded its interplanetary characteristics at • 175 RE upstream of the Earth's bow shock, and • 45 rain later, Geotail, being near the nominal location of the dawn bow shock, detected IMC-related multiple bow shock crossings. Using simultaneous measurements from Wind and Geotail, we analyzed, with a semiempirical bow shock model with two parameters, the bow shock motion caused by the interaction of the IMC with the magnetosphere during the passage. We also compared the bow shock motion predicted by the model, and hence the predicted Geotail bow shock crossings, with Geotail observations of the actual crossings. The results showed that the observed multiple bow shock crossings, which were obviously due to temporal variations of the upstream solar wind, can be Well explained by the model-predicted bow shock motion.
AU at i AU [Burlaga, 1988 [Burlaga, , 1991 Lepping et al., 1990] .
To date, an IMC is a unique solar-terrestrial connection event that can be tracked from its solar eruption source to its interaction with the Earth's magnetosphere [Fox et al., 1998 ]. Therefore an IMC is an ideal object for research on solar-terrestrial physics and space weather not only because (1) it has this obvious solar-terrestrial connection and effectiveness in its interaction with the Earth's magnetosphere, but also because (2) it provides coverage in temporal and spatial scales and (3) its own magnetic structure is modeled well by a simple field geometry.
The interaction between an IMC and the magnetosphere manifests itself mostly by the following two aspects. One is the change of position and shape of the magnetospheric boundary, i.e., the motion of the bow Previous work in both theory and observation [Shue et 
1998
] from various points of view. Lepping et al. [1997] Mms. Taking Wind as the upstream monitor, we analyzed temporal variations of the upstream solar wind parameters during the Oct95 passage, and then, with the semiempirical model we also predicted changes of position and shape of the bow shock due to variations of the upstream solar wind during the Oct95 passage. By comparing the predicted bow shock motion with the observations of the bow shock crossings by Geotail we found that the observed multiple bow shock crossings can be modeled well by the bow shock motion that was caused by temporal variations of the upstream solar wind parameters. This result also indicates that the semiempirical model with two parameters for the bow shock, which was proposed in this paper, can describe well the response of the bow shock on variations of the upstream solar wind conditions. This paper is organized in the following fashion. After describing briefly the semiempirical model for the bow shock in section 2, we try to predict the bow shock motion during the Oct95 passage, taking Wind as the upstream monitor, in section 3. Then, in section 4 we report the observations of the bow shock crossings by Geotail and compare them with the prediction of the bow shock motion by the semiempirical •nodel. Finally, in section 5 we summarize our conclusions.
Semiempirical Model for Bow Shock
When the Earth travels through the interplanetary medium, its magnetosphere acts as an impenetrable obstacle in the high-velocity solar wind environment. The magnetopause, the boundary of the magnetosphere, can be determined by the dynamic balance between the solar wind and the magnetosphere. The position and shape of the bow shock and the structure of the magnetosheath have been the subject of active research since the existence of the bow shock was first predicted by Kellogg [1962] . Table 1 ). Table 1 , ro and rp are the observed and predicted distances of the bow shock from the Earth's center along the Earth-Geotail line, respectively, and r p -ro represents the deviation of the predicted to the observed distances. To compare the observed and predicted distances of the bow shock, we take the allowable errors as At < 3 min and Ar < 0.02 ro for the time and the distance of crossings, respectively. The "prediction" column in Table 1 
Observations of Bow Shock Crossings by (leotail: Comparison With Model

Conclusions
In this paper, using simultaneously two-satellite data, in which Wind acts as the monitor for the upstream so- Finally, we compare the observed and predicted distances of the bow shock, taking the allowable errors as At < 3 min and Ar < 0.02 ro for the time and the distance of the crossings, respectively. The result shows that the 22 events of crossings, which are denoted by the C in Table 1 , can be predicted correctly within the above allowable error range. This implies that the two-parameter semiempirical model for the bow shock, which is described by equation (8) with equations (9) and (12), can describe correctly the response of the bow shock in the motion to the variations of the upstream solar wind conditions and therefore can predict accurately changes of the bow shock in position and shape that can be caused by the variations of the upstream solar wind parameters.
The bow shock represents the outermost boundary between the geospace which is dominated by the Earth's magnetic field and the interplanetary medium streaming from the Sun. This boundary is important because it is here that the streaming solar wind is slowed, heated, and partially deflected around the Earth's magnetosphere. Therefore, it can play an important role in the research of the solar-terrectrial relation and the space weather to predict correctly its position and shape. Our model proposed in this paper provides a simple and actual way to predict with a reasonable accuracy the motion of the bow shock (at least the bow shock on the dayside) when the upstream solar wind is varying.
